
FIG. 1A 



0 



0 



Si CAP LAYER SiGe GRADED LAYER SiGe SPACER LAYER 



FIG. 1B 



9-GRADE SUBLAYER 



13.5% 



Ge:15% 



1.5% 



m 



Si CAP LAYER SiGe GRADED LAYER SiGe SPACER LAYER 



FIG. 2 



• 




















-n i 



10 

CM 



g 



w O 
LU 

2 g 

LU 

cr 



to 



o in o to o «o 
n *- O cd K uS 
io 10 10 ^ ^ 



m O to o to o 
oi ^ a5 cd to to 

CO CO CO CO 



(wu) SS3N>I0IH± 1/TIId 



E 
c 
o 

CO 
LU 



< 
> 

H 

UJ 

00 



< 
> 



CO CM 



UJ 

cr 

co 5 
< 



o 
< 



^ 9 
t- 
< 
cr 
< 
> 



■ ■rnfUlT 



fL 



to 



to 



iooiootoo«ompt«ptop 

(UJU) SS3NM0IH1 1/YHd 



o 

UJ 

3 

o 

UJ 

cr 



UJ 



< 
> 



Q_ CON CO N 



=> 00 

I < 

< UJ 

< 

3 
I- 

O 
< 



^ co 



S 2 

i- 

< 
cr 
< 

> 



n . iT 



3 



Tlifli 



tii i n i,i i 



to 

CM 



CM 



to 



>- 
o 

LU 



O O 
— LU 

en 



to o to o tn o to 
o> co co trf co cm* p 

CM CM CM CM CM CM CM 



o to o to 



O 10 o 
co ^ o 



E 
c 
o 



5 

1- 

UJ 

oo 



< 

> 



O CD O tO LO 

1 1 I ♦ CO 



CM CM 



00 

< 



_1 

< 

3 

I- 

O 
< 



< 

cr 
< 

> 



(UJU) SS3NM0IH1 Wild 



'17 



3-GRADE SUBLAYER 



6e:15% 



12% 



8% 



Si CAP LAYER SiGe GRADED LAYER SiGe SPACER LAYER 



FIG. 4 



'17 



- 










1 


II 


- 




III 





IO 
CM 



O 

CM 



to 



o o o o o 

W ^ W N = Q 

co co co co co co 



O O O O O 
cri cd cd to 

CM CM CM CM CM 



(iuu) SS3NX0IHJ. m 



O Q f— CM CO 

CO LU . CO 

LU tt: cm co cm 
=> W , 

^ <2s o 



< 

> 



C/5 



< 
ID 
h- 
O 
< 



< 
DC 
< 
> 



o 

LO 

CD 




to 

CM 



CM 



in 



to 



E 
c 
o 



LU 

CO 



LU 



< 
> 



q 1 i SSI 

LU CO CO CM 

rv- ... to 

tE: o cm co 

LU — > XT TT CO 

> 2 52a 0 



5 

_) 
< 



O 
< 



< 
ac 
< 
> 



CD 

LO 

CD 



(wu) SS3NX0IH1 IAI1U 



xl 



t 



I 



f t 1,1 1 ill 



,1.1, 



to 

CM 



CM 



to 



to 



o o 



Q O O O O O O 
O 9 CO 

CO CO CO CO CO 



to «<rcocM*-oa>cor-*c©io 

*r — — 



E 
o 



< 
> 

I- 

LU 

00 



LU 
I 

> S g f £ 

iTi ... CO 
LU CM CO = 



co 
< 

LU 



5 
_i 

< 

t- 

O 
< 



LU X 
5^ 



< 

en 
< 

> 



< 
LO 

CD 
Ll_ 



(wu) SS3IW0IH.L IAT1U 



17 



GRADED BASE LAYER - 20n 


LU 
l_L_ 


O 
CO 


CM 


o> 

CM 
CM 


CO 
CM 


co 

CM 


o 

CM 


CO 

O 

CM 


O 

CM 


CD 
CO 


ISl 

CO 

X 
CO 

B 


CM 
CD 


CD 
O 


o 


o 


CO 
O 


CM 
O 


o 


O 

o 


cn 
o 


CO 

jsss 

CO 


o 
o 

CM 


O 

o 


CD 


o 
id 


o 


CO 
CO 


csi 


to 

CM 




GRADED BASE LAYER - 30n 


LU 


IO 
O 
CM 


r- 

CD 


CO 
IO 






CO 


CO 


CM 

CO 


CM 


or 

CO 
X 

J 


o> 
oi 


CD 

to 

IO 


o> 

CD 

to 


IO 


CO 
IO 


CM 
IO 


to 


to 


iq 

IO 


Set: 

OJLU 

l!s 

12 

ulTO 


O 

o 

CO 


o 
id 


o 
o 


IO 

r*" 


o 

CD 


o 
id 


CO 


CD 
CO 




GRADED BASE LAYER - 40n 


Ui 
Li_ 


CD 
IO 


CM 


CD 


cn 
O 


to 
o 


IO 
CO 
CM 


cn 
o> 


CD 
CO 


CO 

<x> 


i 

X 

1 


10 


CO 


CM 

to' 


o 

CD 


CO 
CD 


CD 


IO 
CD 


to 

CD 


CO 
CO 


oo~ 
co Q- 

QjLLJ 

S3 
=3 

tro 


o 
O 


o 
o 

CM 


CO 
CO 


O 

© 


o 

CO 


CD 


id 


O 

id 






u. 

Ooc 

LL I. 
CD < 

p 

Zoo 


l 


CM 


CO 




IO 


CO 




CO 


o 

cr>< 
<o 
ujcr 

3<C 



8 



'17 



90 
80 
_ 70 

M 

* 60 

CO 

*" 50 
40 
30 



□ SiGe GRADED LAYER -40nm 
o SiGe GRADED LAYER -30nm 
A SiGe GRADED LAYER - 20nm 



2 3 4 5 6 7 8 LINEAR APPROXIMATION 
NUMBER OF SUBLAYERS 



FIG. 8A 



«JDO O 



EJ SiGe GRADED LAYER -40nm 
o SiGe GRADED LAYER - 30nm 
A SiGe GRADED LAYER -20nm 



0 5 10 15 20 25 30 35 40 45 
FILM THICKNESS OF SUBLAYER (nm) 



FIG. 8B 




ACTUALLY MEASURED VALUE 





f Tmax (GHz) 


9-GRADE 


37 


5-GRADE 


35 


3-GRADE 


39 



FIG. 9 



10, 



'17 



80 
70 
60 
50 
40 
30 
20 



— i 1 1 r 

Ge 0-10% 



T TT 



□ SiGe GRADED LAYER - 40nm 
o SiGe GRADED LAYER - 30nm 
A SiGe GRADED LAYER -20nm 



: a 



& A A A A A A 

O O O O O O O 
_ is S 63 S 63 S3 



A 



O - 



i . i 



-I l_ 



2 3 4 5 6 7 8 LINEAR APPROXIMATION 
NUMBER OF SUBLAYERS 



FIG. 10A 



80 
70 
~ 60 

IM 

~ 50 
M 

40 
30 
20 



— 1 — J — 1 — J — 1 — ] — f 




■■■ l * I T i" 






: Ge 0-10% 




SiGe GRADED LAYER 


-40nm 






o 


SiGe GRADED LAYER 


-30nm 






A 


SiGe GRADED LAYER 


-20nm 
















A 






- 


: cdo o o 














O 




• 


86E3GS q 


a 














B 






t 









0 5 10 15 20 25 30 35 40 45 
FILM THICKNESS OF SUBLAYER (nm) 



FIG. 10B 



1 1 



'17 



90 



— i 1 r 

Ge 0-20% 



t r 



80 h 
70 
60 
50 
40 
30 



A A 


A 


A 


A 


A A 


A 


O © 


O 


O 


O 


o o 


O 


o 

a 

s 


B 


8 


El 


s a 


63 








□ 


SiGe GRADED LAYER - 


40nm 








O 


SiGe GRADED LAYER - 


30nm 








A 


SiGe GRADED LAYER - 


20nm 


I _l 1 


i 


1 


L_ 


,1 1 L 


— >— 



2 3 4 5 6 7 8 LINEAR APPROXIMATION 
NUMBER OF SUBLAYERS 

FIG. 1 1 A 



90 
80 
_ 70 

N 

^ 60 

CO 

**- 50 
40 
30 



■ «cco o 0 



S SiGe GRADED LAYER - 40nm 
o SiGe GRADED LAYER - 30nm 
A SiGe GRADED LAYER -20nm 



A 



5 



: Ge 0-20% 



i ■ i 



0 5 10 15 20 25 30 35 40 45 
FILM THICKNESS OF SUBLAYER (nm) 



FIG. 1 1 B 




FIG. 12 




N0LLVU1N30N00 ®D 



14 



'17 



15% 




Si CAP LAYER 



SiGe GRADED LAYER 

FIG. 14A 



><!>< 




SiGe SPACER LAYER 
MARKER LAYER 





Si MARKE 


R LAYER 


SiGe 5% MARKER LAYER 


SiGe10% MAF 


IKER LAYER 


MARKER FILM 
THICKNESS 


fTmax (GHz) 


hFE 


fTmax (GHz) 


hFE 


fTmax (GHz) 


hFE 


ZERO 


57.2 


137 


57. 2 


137 


57.2 


137 


Iran 


56.5 


136 


56.6 


136 


56.8 


136 


2nm 


54.9 


135 


55.2 


135 


56. 1 


136 


3nm 


52.2 


133 


53.2 


297 


55.2 


135 


4nm 


48.4 


131 


50.7 


132 


| 54.3 


291 


5nm 


44.0 


128 


48.2 


145 


51.4 


134 



60 



FIG. 14B 



~ 50 



X 
CO 

M 



40 



30 



1 » I 



ft A 

8 



O 

s 



A 

O 



a Si 

o SiGe 5% 
a SiGe 10% 



l.i.l i I i I i I 



0 1 2 3 4 5 

BOUNDARY MARKER FILM THICKNESS (nm) 



FIG. 14C 



15 



'17 



15% 



Si CAP LAYER 



MARKER LAYER 



■>6>< 

R 7 SiG 

YER F I 



SiGe GRADED LAYER 

G. 15A 



-X- 



SiGe SPACER LAYER 





SiGe 5% MAF 


!KER LAYER 


SiGe10% MARKER LAYER 


SiGe15% MARKER LAYER 


MARKER FILM 
THICKNESS 


fTraax(GHz) 


HFE 


fTaax(GHz) 


hFE 


fTmax (GHz) 


hFE 


ZERO 


57.2 


137 


57.2 


137 


57.2 


137 


1nra 


56.9 


139 


55.6 


156 


51.2 


176 


2nm 


56.2 


134 


53.9 


151 


47.9 


169 


3nm 


55.5 


131 


52.2 


147 


44.9 


165 


4m 


54.7 


131 


49.9 


150 






5nm 


53.8 


130 


47.8 


152 







FIG. 15B 



CD 

> — ' 

X 
CO 




0 1 2 3 4 5 

BOUNDARY MARKER FILM THICKNESS (nm) 



FIG. 15C 




FIG. 17 



